TEXT
Microorganisms in nature usually co-exist as communities whose complexity is under the influence of local environmental conditions and interindividuals interactions. Spatially structured environments, such as biofilms, are more prone to support coexistence of multiple species consuming the same resource because access to the resource and its metabolic by-products is conditioned by the structure of the environment 7, 8 . Interactions of various nature between bacterial species that stabilize the community diversity can then arise and persist, but are most likely to disappear when the structure is disrupted 9, 10 . In mixed liquid cultures, competition for a single resource is supposed to lead to competitive exclusion 11 . However, if the breaking down of the resource includes both private and public goods, natural selection could favor the emergence of dependency between species, and therefore coexistence, through adaptive gene loss according to the Black Queen Hypothesis (BQH) 6, 12 .
Morris et al. formulated three key characteristics for a function to follow the BQH. The function allowing consumption of the resource must be i) costly, ii) essential and iii) leaky. Atrazine is one of the most heavily applied herbicide worldwide which is relatively persistent and mobile in soil, and whose degradation products can be traced in soils decades after application 13, 14 . Atrazine can be mineralized by microorganisms and is a source of nitrogen. Its entire biodegradation pathway is known ( Fig. 1 ) and can be split into two parts: the upper part consisting in the dechlorination of atrazine and the removal of the two lateral chains from the s-triazinic cycle, followed by the lower part consisting in the complete degradation of cyanuric acid. Genes (atz and trz families) involved in its mineralization are most often located on plasmids or on catabolic cassettes delimited by insertion sequences 15 . Because of the cost of maintaining plasmids, atrazine genes are easily lost after only a couple of generations in culture media without atrazine 16 . However, in nitrogen limited environments, atrazine degrading capacities must be conserved because mineralization of atrazine leads to the essential delivery of nitrogen 17 . Also, exchange of metabolites, such as   3   35   36   37   38   39   40   41 its extinction also in ammonium sulfate supplemented media is more surprising. Intriguingly, the equilibrium frequencies of the three other species, besides Arthrobacter sp. TES, are quite similar after ~100 generations in six out of the seven media, with Pseudomonas sp. ADP dominant at ~10 7 CFU.mL -1 and the two remaining species at ~10 6 CFU.mL -1 , the exception being the ammonium sulfate -cyanuric acid supplemented medium where Variovorax sp. 38R appeared to be dominant at 10 7 CFU.mL -1 .
We then assessed using multiplex PCRs the presence of the atrazine degradation genes in the evolved consortia across the seven different media. We found that in the four media containing atrazine, all initially present atz or trz genes were kept in the evolved consortia, preluding the conservation of the atrazine mineralisation potential in these environments (Fig 2B) . In the atrazinefree media, only atzA, responsible for the dechlorination of atrazine, a step that releases chlorine but does not provide any nitrogen input to cells, and atzD, responsible for the first step of the degradation of cyanuric acid, were conserved in the three environments while atzC and trzD were specifically kept in the ammonium sulfate -cyanuric acid supplemented medium. Since in that specific medium, atzC does not confer any advantage to its carrier, Chelatobacter sp. SR38, it has likely been carried along because of its colocalization with trzD on the same plasmid 22 , responsible for the degradation of cyanuric acid. Rapid evolution, probably through the loss of atz genes containing plasmids, therefore led to the loss of the atrazine degradation function in atrazine-free environments, confirming the genetic load of maintaining atrazine genes in atrazine uncontaminated environments.
We then evaluated the atrazine mineralization potential, using 14 C-atrazine either labelled on the ethylamino chain or on the s-triazinic cycle, of the consortia that have evolved in the four atrazine containing environments (Fig 3) and compared them to the ancestral ones. Interestingly, we The impressive boost of atrazine mineralization potential observed in the medium supplemented only with atrazine led us to focus on phenotypic and genotypic changes that occurred in this specific environment. We therefore isolated members of the evolved consortia, evaluated individually their genetic repertoire using multiplex PCRs, and assessed their corresponding growth characteristics using Bioscreen TM assays. We found that only Arthrobacter sp. TES was able to grow in isolated culture, while the three other members of the evolved consortia depend on Arthrobacter sp. TES to grow in this medium (Fig 4A) . This acquired dependency for Chelatobacter sp. SR38 and of the evolved consortia. We therefore reconstructed all possible duos and trios, and compared growth performances of each member to their performance in the evolved four-species consortia and in monoculture over 3.5 days (Extended Data Fig 1) . A relatively simple and straightforward interaction scheme can be drawn from these results (Fig 4C) and preserved at -80°C.
Species composition
We were able to easily identify the four strains in the ancestor and evolved "community" lines because each of them was double-resistant to a different combination of two of the following antibiotics: rifampicin 100mg/L, kanamycin 50mg/L, spectinomycin 100 mg/l, streptomycin 100mg/L. To do so, each bacterial strain was grown in MS medium containing either atrazine or cyanuric acid as the nitrogen source and then spread on solid rich medium (TY) containing the antibiotic for which it was to be resistant. Resistant growing colonies were collected and cultivated in their specific liquid MS medium to ensure that they have kept their metabolic ability towards atrazine. This procedure was repeated to confer a second resistance to each strain. Pseudomonas sp. 
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